On the basis of hyperelastic material behavior various forms of the strain energy density function, depending either on the invariants of the right Cauchy-Green deformation tensor or on the principal stretches, have been proposed under the isotropy assumption. If a material behaves transversely isotropic behavior with respect to the reference configuration, then the strain energy function can depend on five principal invariants. Five principal invariants are ordinary three invariants and additional fourth and fifth invariants. In the area of automotive belt designing technique, the most material of belt is composed of fiber reinforced hyperelastic. In this paper, we propose the polynomial strain energy function and determinate its material constants for the fiber reinforced material.
Introduction
Rubber materials, which have non-linear elastic behavior, are treated as hyperelastic bodies in finite element analysis. To quote Fung (1) regarding Hyperelasticity, "A material is said to be hyperelastic, if it possesses a strain energy function per unit mass, W, which is an analytic function of the strain tensor formed with respect to the homogeneous stress-free natural state, such that the rate of change of the strain energy per unit mass is equal to the rate of doing work by the stresses." To put it another way, we can say that a hyperelastic body is a material in which a strain energy function is existent and from which an elastic body stress will be obtained by differentiating that strain energy function with respect to the strain. To get that strain energy function, models such as the Mooney-Rivlin model (2) , which is based on the strain invariants, and the Ogden model (3) , which is based on the stretch ratio, are often used. Other models, such as the Gent model (4) and the Arruda-Boyce model (5) , which are the form that focuses on molecular structures, also offer an advantage in that deriving a model from uniaxial tests is easy, and they are used a lot lately. Those models are incompressible in most cases, and, assuming isotropy, their constitutive equations are implemented into general purpose finite element analysis programs. Nevertheless, when we stare at the natural world, the intrinsic characteristics of materials that are incompressible and take on non-linear elastic behavior but have strong anisotropy, e.g., mammalian cardiac muscle, cannot be obtained unless anisotropic hyperelastic constitutive equation is used. In addition, when we gaze at mechanical engineering, transmission belts which are used in various fields such as a machine tool, OA machinery or automobile have complicated structure containing fabric and/or cord wire, but most of them consist of rubber materials. Especially the V belt which gets in a wedge shape pulley has an influence of the strong compressive force in the width course (white arrow direction of Fig.1 ). The rubber is compounded with the staple fiber, therefore, it is formed by rolling in order to put fibers in almost the same direction. By the above method, the belt is designed to materialize the strong stiffness along width direction by roll forming. On this forming condition, the rubber material with staple fiber has strong anisotropy along the machine direction, and the tensile stiffness is very hard in a direction made an orientation. Besides, the stiffness tangent obviously varies near the transition area from tensile to compression.
In this paper we propose the polynomial strain energy function which can manage the variance of stiffness tangent between tensile and compression field, furthermore, determinate its material constants for the fiber reinforced material. Finally, we explore a bending test which tends the general behavior of transmission belt and illustrate the comparative study between the experimental work and the numerical simulation.
Constitutive Equation for Fiber Reinforced Hyperelastic Material
Liu (6) showed the constitutive equation which contains isotropic tangent modulus based on the strain invariants under the isotropic assumption; Ogden (3) showed the constitutive equation based on the stretch ratio. Ishikawa and Kotera (7) showed the explicit anisotropic constitutive equation including tangent modulus based on the strain invariants. In this section, the basic constitutive equation for transversely hyperelastic material is indicated briefly.
Green Lagrange strain tensor
Let X be the position vector of a material point of the considered body in the reference configuration. The mapping of this material point to the current configuration leads to the position vector x by any deformation. The deformation gradient is given as follows:
The right and the left Cauchy-Green tensor are defined as =
= T b FF (3) respectively. Through Eqs. (2) and (3) the familiar expressions for the Green-Lagrange strain tensor E and the Almansi strain tensor A are given as ( )
( )
respectively, where I is the second order unit tensor. The well-known three principal strain invariants of C and b are obtained as
They are described by the stretch ratio as follows: 
Then aspect of the physical meaning, I 1 means the length change fluxion, I 2 means the surface area change fluxion, and I 3 means the volume change fluxion.
Transversely Isotropic
Consider a material which is reinforced by one family of fibers has a single preferred direction a 0 . According to Spenser (8) , the strain energy function can be expressed as a function of C and a 0 ⊗a 0 . Hence the forth invariants is introduced to the strain energy function in addition to the former three invariants.
If the body undergoes deformation, the fiber directions are also described with the new directions a in current configuration by the deformation gradient as,
There is a representative relation within the stretch ratio λ, initial direction a 0 and deformed direction a, 
Henceforth aspect of the physical meaning, I 4 means the square of the stretch ratio along the fiber direction.
While equation (15) shows the fifth invariant which indicates the shear component regarding to the fiber direction. In order to minimize the number of material parameters, we omit this term.
Stress Tensor of Hyperelastic Material
Let ψ is the strain energy function, the second Piola Kirchhoff stress tensor is derived by the right Cauchy-Green tensor by using the chain rule as 
The Cauchy stress is obtained from
The strain energy function for transversely isotropic hyperelastic depends on four invariants. 
Straightforwardly the symmetric second Piola-Kirchhoff tensor becomes
Also the Cauchy stresses are obtained as follows:
where J is the volume change ratio. When considering material incompressibility, furthermore, the strain energy function should be separated with volume preserving part and deviatoric part, ( ) ( )
, ,
In case of incompressibility, U(I 3 ) can be viewed as a penalty term to enforce the incompressibility constraint. By using the volume changing ratio
The deviatoric part of the deformation gradient and the invariants as follows: 
The free energy is separated into a volume-changing part and a volume-preserving part, resulting in
Finally, the second Piola Kirchhoff stress tensor is derived from the free energy based on the deviatoric part as 2
Also, inserting Eq.(29) into Eq.(17) gives
where the hydrostatic pressure p and the deviatoric part s are 
Finite Element Method
We implemented this constitutive equation for transversely isotropic behavior to the general purpose finite element program MSC.Marc. MSC.Marc can be applied to complex nonlinear problems because of the great depth in solution procedures, material models, element technology, and numerical methods. All options can be used in combination and in conjunction with user customization. However MSC.Marc has the only hyperelastic constitutive equation based on the isotropic assumption. We can extend to treat the anisotropic behavior which includes the invariant I 4 by employing some user-subroutine. There is one form of the strain energy function in the next section; still, we can treat any forms by this method. 
Material Parameter Fitting from Uniaxial Experiment
First of all, to verify the constitutive equation of anisotropic behavior, we perform a uniaxial material experiment. The test specimen is ordinary rubber material such as a general industrial V belt which is compounded of Nylon staple fiber. We contrive form of the strain energy function and determine its material constants in order to trace the result of uniaxial experiment.
Outline of Uniaxial Experimental Test
In the uniaxial experimental tests, an extension test and a compression test are performed respectively. The specimens with dimensions 100 mm × 5 mm × 2 mm were subjected to tensile uniaxial deformation.(Compliance model of Mitsuboshi Belting) The strain is calculated from the distance between the two chucks which have the initial length 50mm. In order to reduce the error, sand paper is put into the chuck.
While the other specimens in compliance with JIS K6254 with dimensions 25 mm × 25 mm × 12.5 mm were subjected to compressive uniaxial deformation. On both of the tests, they are performed in two material load directions, one direction is parallel with the reinforced fiber, and the other is perpendicular to the fiber.
Result of Uniaxial Experiment
As the result of the uniaxial test, the stress-strain curve through the fiber direction is indicated with circle plots in Fig.2 , as well as the cross-fiber direction in Fig.3 . It is revealed that the stiffness tangent of extension area differs extremely from it in compression area in Fig.2 . It is also exhibited that the tensile stiffness is classified into larger difference, which is more than three times, between fiber direction and cross-fiber direction. Therefore, we can grasp that if material is formed by staple, the extension stiffness is stiffer than the compression stiffness. This convex anisotropic difference can be analyzed by containing the forth invariant to the strain energy function.
In additional field like biological material (9) (10) , in order to treat weak initial stiffness, many forms of exponential strain energy function are proposed in plenty of literatures.
Strain Energy Function
We derive the general two terms Mooney-Rivlin model modified with the inclusion of transverse effect as Eq.(33) for the sake of this non-linearity of general industrial belt. The last two terms of Eq.(33) characterize the effect of transversely isotropic, and moreover, these material parameters C42 and C43 can be used for difference values in extension and compression area. The material parameter fitting follows below two step procedures.
(1) First, we make an assumption that the stress-strain relation of cross-fiber direction characterizes the base material. The first two parameters C10 and C01 are determined by normal curve fitting method from the relation of cross-fiber direction shown in Fig.3 .
(2) Second assumption, the stress-strain relation of fiber direction characterizes the transverse effect. The last two parameters C42 and C43 are determined by general least square method from the relation of fiber direction shown in Fig.2 with fixed parameters C10 and C01 as a first step.
The estimated material parameters are listed on the Table 1 .
Numerical Analysis
Numerical testing is performed by Finite Element Methods with only one unit element which has the initial fiber direction. The numerical results are shown in Figs 2 and 3 with solid line plot. There are slight gaps between numerical results and experiments nearly the area of high compression strain regarding cross fiber direction. However, numerical results give practical performance in comparison with the experiments. The stress-strain relation of fiber direction, in particular, has precise behavior within all strain range in Fig.2 .
It can be one of the reasons for the difference of cross fiber compression that the effect of compression relation of cross fiber direction is excluded from our assumption. Nevertheless this analysis can exhibit convex and concave functions of each fiber directions in the compression area. 
Bending Test
The transmission V belt is on bending behavior in practical use. In this section, we perform a bending test of same material in § 3 and make a comparative study between the experiment and numerical test.
Outline of Bending Experimental Test
The conditions of bending test are shown in Table 2 and Fig.5 . Two specimens are performed; one specimen is reinforced in longitudinal direction, the other is reinforced in lateral direction. Both experiments have been operated with silicone lubricant in order to reduce the effect of friction. Figure 6 shows a finite element model which is prepared as quarter model on the symmetry condition. FEM model is assembled with three bodies; one is a test specimen, the other two rigid surfaces are punch and support part. It is not considered the friction contact because of silicone lubricant. Material parameters are the same as § 3. 
Finite Element Model

Analysis Result
There are contour plots of component of total strain longitudinal direction in Figs 7 and 8. It becomes in a state of compression in the specimen upper part around the punch, while it becomes in a state of tension in the specimen lower part. Because of the reinforced in longitudinal direction, the maximum absolute value of tension strain in Fig.7 is less than it in Fig.8 . On the other hand, the maximum absolute value of compression strain in Fig.7 is greater than it in Fig.8 .
There are comparisons of numerical and experimental results regarding the rigid punch body force in Figs 9 and 10. It can be seen that the longitudinal model needs larger force than the lateral model because the extension state is build up in the lower part of the specimens. Although there are slight gaps in both results, these analysis models can treat the experiment qualitatively. This can be caused by the fewer numbers of elements and/or the frictionless contact condition. In addition, because some discrepancies exist in the experiments, higher experimental precision is required to discuss on the basis of a fixed quantity. 9 Bending test of longitudinal model. Fig. 10 Bending test of lateral model.
Conclusion
The numerical simulation is performed to reveal the anisotropic behavior of Nylon staple fiber reinforced rubber. The constitutive equation for transversely isotropic hyperelastic material is applied and material parameters are determined by decision of the strain field. Our model can explore the anisotropic behavior efficiently; especially the tangent modulus difference between extension and compression is illustrated quit precisely. The improvement of accuracy including the experiment is required. The qualitative difference might be thought that we use the experimental data of cross fiber direction as the only determining base matrix without accounting its anisotropy. We are investigating more precise solution that involves with an anisotropic characteristic of cross fiber direction.
It is very arduous to identify the mechanism because the fabric and cord wire have dramatic influence on the realistic V belt model. However our method can specific the anisotropic hyper elasticity which composes almost the industrial belt; and we lay the foundation of numerical theory. A further direction of this study will be to elucidate the realistic whole V belt model.
